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ON THE INACTIVATION OF STREPTOXYMYC BY ATP-K+
AND SOME ELECTRONIC ASPECTS OF THIS ACTION

J.ollowine is a translation of am artiole by
Mme Andree Goudot and Michel Paeuel, of the
Baoteriophage Service of the Pasteur Insti-
tute, presented at the 20 May 1963 meeting 5
the Yrenoh Aoademy of Solenoes and publishel
n th Frenoh-languL.6 periodioal Co tes

de~u la oae~ Ies • (~ct

of the T Oft ceea), Vol 256, 1963,
pases 5220-5223, under the subject heading
of Biochemistr•2y

/ The addition of AT?- to a culture medium
on~taining streptomycin in a izLaibltory dose per-
Wit's the Wth of 81•h ~lpoooo1s e and of
- rc -. An eleetronic interpretation
o this, aotion is en. g,

We shall describe more in detail, in an article not
yet ?ublished (this artiole is to &ppear in 1963 indo 9'nttu • the experiments that, shoved that
the a,1i=0n of ATP-+ to complex oulture mediums contail-a

i£5 suffioient amounts of streptomyaln to blcok the growtb
of a staphylocooatis or of a oolibaoillus, allowed these two
germs, one of them pram-positive, the other one gram-nega-
tive, to continue their growth.

We shall only say here that, In the. vxperiments,
all our cultures were made in water containing 3% peptone
(peptone SC) and 0.3% glucose. Their Wrowth curves Vere
recorded automatically by a X.E.C.I. electronic mirrobio-
photometer (N. Am•. Im. 21, 1959, pp 171-
1 87; J! hotoels1 otr io;T -d - 7 1ari A n g i'n s Moen •t is 1 w olk-

aane•a ahotoelentricity in Reoooring Bacotrlil
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Growtg, preface by J. Trefouel, Paris: Herman et Cie.,
1941, No 898) and the variations in the growth rate of
these cultu•.es were determined by studying these curves.

In this artiole, we shall study more specifically
some theo etic aspects of this action.

Theorti Uts. Streptomycin is composed of tbree cycles:
N-methyl-glucosaaine, streptose and streptidine. The N-
metbylglucosamine and the streptidine are joined to the
etreptose by some quite labile bonds K2C...0...C-.

In the presence of ATP-K', In addition to the deoomp-
OSltion of the streptomyoin there in phosphorylation of one
or of several of the cycles that compos. it. Since the
growth of the culture reau-eu, it is likely. that one of the
jpouphorylated "Cyoge &ets La a metabolite1 , in one of the
syntheseea neessa-y for the formation of the bacteria. Use
made, using eleotrunio chemistry, a theoretic study of the
phosphorylation of each of the cycles bound to the streptose,
in the presence of ATP-I+ in the culture medium, We used
the moleoiular orbitales method, in an L.C.A.0. approximation.

1. N-methlluce -r- . I calculation of the
ohases (Fig. 2) showe mAMheost positive peak Is the
one found in the streptomycin bound to the streptome, before
it. dissociation. This peak is the one ocoupied by the C
atom (+0.95) wbich has the best possibility o± being Joined
by an electroteMtio bond to 0 (-0.94) of the phosphate grop.
Then we have tbh following reaction in the edl;ture mediu:

Streptomyoin + ATP =-• N-methylgluoosamine-PP +
AMP + streptomyc in residue

Is it possible that N-wetylSlucosmin*-P? playj the
part of a metabolite In the growth of bacteria? The esults
of experiments have shown us that the action of ATP-j was
stronger, in equal ooncntratiuns, for the staphylococcus
than for the colibacillus. Stapliyloooooi, gram-pooitle
bacteria, have oly a small number of amino &oids In their
meubrwne Which oonta=ns an amino-sugar; suramlo acid (N.
R. J. Salton, K9)oa Jj V 3m, New Yorki J. Wiley,
1960, pp 25-27). Thiis mureao aold forms a metabolite with
the aid of urldin-5-pyrophosphate and N-acetylglucosamine.
It is also found in grsam-nestive bacteria, but in a much
smaller amount.
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This metabolite participates In the synthesis of
peptides in the membrane of bacteria. Now, this synthesis
takes piaoe on the N-aoetylglucosamins oyole. Therefore,
N-aeetylg.ucosamine Is the active component of the metab-
elite and it must be assumed, then, that the N-methylglu-
cosamine cycle of atx'eptomyoln is what roestablishesR owth
after Its phosphorylation by ATP-K*.

CHa OS

0

H

C R

< O 0i-G,82 H 0

CI I

R-Ch•--CH-C-C

Figure 1

,H0

Ho H

It Ct43 --NH--- .... K

Figure 2

Tba oaluulation of the distribution of ohbarps duo
ta the mobile eleotrs= on the ursazio aald atons gives the
most positive peak C (+0.95) as united to the urldln-5-
7.hosphste. This peak corresponds to the C (+0.98) peak of
\ N-uothylgluoosmsine of tbo streptomycin (Frig. 1 &W 2).
,hes two cycles are unlted, therefore, by the same peak to

the urldin-5-phosphate at the time of the synthesis of the
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metabolite necessary for the formation of the bacterial mem-
brane.

In addition, this same calculation shows that in
muramic &aid the peak at which the synthesis of the peptides
is the one that has the 0 (-0.82), that Is to say, the one
that has the highest neptive charge. The same calculation
performed an the N-methylglucosamine of the streptomycin
shows that the peak occupied by 0 (-0.92) is the one tbat
has the hadiest ne tive oharge and that it cor,-'esponds by
Its position to 0 (-0.82) of the wuwamic acid, as may be
seen in Fliges 1 and 2.

2. -T's cycle that Is jolned
to the strepte in the streptomycin has two peakj to whi h
a anaidine /si; probably should read "aantne:/ Boup is

c o~ed.

They undergo phosp1trylation i• •e presence of ATP-
K4. Without doubt, those Smsnidine !Lu/ p•oups are the
ones used in the F. = bacteriu for the formation of
purine asi~n at the tim of treatment with Atreptoaycln (H.
Roth, H. Amos and B. D. Davis, eloehm. LjaoL'if. L2A. U,
1960, p 398). Then these purilne, produeed in excess and
not utilised, are rejeoted along with V+.

a What hypotheses oan be drawn up aocording to
theresults of the experiments and of the oaloulations pro-
dueed by the theoretic studyt It may be deduced tbat the
N-methylglucosaaInm oycle In t1a m that coma Into action,
after pheephorylatio, to permit th.% growth of the bacteria.
Streptoycin releases, In the presence of ATf-e, & methyl-
glueosaine-?P that imy permit sgin the synthesis of a mun-
amic acid that Is slightly modified in 5ts chemical struc-
ture but that performs, nevertheless, the synthesis of the
peptides In the saws looatio2. The •mnbr&n of the ¶aughter
bacteria then probably has an mino-au-, in whlch a methyl
group replaoes the acetyl roup of the mutraic acid.

:a the absence of AT7-e, the peak that should be
pbomphorylated remains directly united with the streptoee.

Therefore, streptomycit act& as an antinetabolite In
the synthesis of mureaic acid and, because of this, inhibits
tbe formtion of the bacterial nembrane, whence Its Inhibi-
tory power on growth.

'fts fact might explain the necesslty of the presence
of streptomycin Tor the growth of certain 1r.ttants that suld
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have N-aetbylgluaouamine In their Membrane. Steptomycin
probably provides a metabolite for this mutant',

Wen the distolation of N-ethylglucosamine occurs
in the oulture medium by mealn of phosphorylation, there Is
a formatlon of new inuabrans and no penetration of strepti-
dine. On thu other b•dm, If this pbhosporylation toks
place In the bacterium after pensýtlon of the streptAowyal
there is aotlon by the streptidins vhich alters the metab-
ollm of the purines vhich, since thbe are not produced
where synthesis of M occurs, prevents the formation of RA.
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